Introduction
============

Breast cancer is one of the most common cancers in women worldwide, accounting for approximately 570,000 deaths in 2015. Over 1.5 million women (25% of all women with cancer) are diagnosed with breast cancer every year throughout the world [@B1],[@B2]. In America, it is estimated that 30% of all new cancer cases (252,710) among women are breast cancer in 2017 [@B3]. Breast cancer is a metastatic cancer and can commonly transfer to distant organs such as the bone, liver, lung and brain, which mainly accounts for its incurability. Early diagnosis of the disease can lead to a good prognosis and a high survival rate. In North American, the 5-year relative survival rate of breast cancer patients is above 80% due to the timely detection of this disease [@B4]. Mammography is a widely used screening approach in the detecting of breast cancer and proved to help reduce the mortality effectively. Other screening methods, such as Magnetic Resonance Imaging (MRI), which is more sensitive than mammography, have also been implemented and studied during the last decade [@B5]. There\'re numerous risk factors such as sex, aging, estrogen, family history, gene mutations and unhealthy lifestyle, which can increase the possibility of developing breast cancer [@B6]. Most breast cancer occur in women and the number of cases is 100 times higher in women than that in men [@B3]. Although the incidence rate of breast cancer in America increases year after year, the mortality rate decreases due to the widespread early screenings and advanced medical therapies. Biological therapies have been developed in recent years and proved to be beneficial for breast cancer. Here, we will focus on studies of the pathogenesis, related genes, risk factors and preventions of breast cancer over the past years.

Pathogenesis
============

Breast tumors usually start from the ductal hyperproliferation, and then develop into benign tumors or even metastatic carcinomas after constantly stimulation by various carcinogenic factors. Tumor microenvironments such as the stromal influences or macrophages play vital roles in breast cancer initiation and progression. The mammary gland of rats could be induced to neoplasms when only the stroma was exposed to carcinogens, not the extracellular matrix or the epithelium [@B7],[@B8]. Macrophages can generate a mutagenic inflammatory microenvironment, which can promote angiogenesis and enable cancer cells to escape immune rejection [@B9],[@B10]. Different DNA methylation patterns have been observed between the normal and tumor-associated microenvironments, indicating that epigenetic modifications in the tumor microenvironment can promote the carcinogenesis [@B11],[@B12]. Recently, a new subclass of malignant cells within tumors called the cancer stem cells (CSCs) are observed and associated with tumor initiation, escape and recurrence. This small population of cells, which may develop from stem cells or progenitor cells in normal tissues, have self-renewal abilities and are resistant to conventional therapies such as chemotherapy and radiotherapy [@B13]-[@B15]. Breast cancer stem cells (bCSCs) were first identified by Ai Hajj and even as few as 100 bCSCs could form new tumors in the immunocompromised mice [@B16]. bCSCs are more likely to originate from luminal epithelial progenitors rather than from basal stem cells [@B17]. Signaling pathways including Wnt, Notch, Hedgehog, p53, PI3K and HIF are involved in the self-renewal, proliferation and invasion of bCSCs [@B18]-[@B21]. However, more studies are needed to understand bCSCs and to develop novel strategies to directly eliminate the bCSCs.

There\'re two hypothetical theories for breast cancer initiation and progression: the cancer stem cell theory and the stochastic theory [@B11],[@B22]. The cancer stem cell theory suggests that all tumor subtypes are derived from the same stem cells or transit-amplifying cells (progenitor cells). Acquired genetic and epigenetic mutations in stem cells or progenitor cells will lead to different tumor phenotypes (Figure [1](#F1){ref-type="fig"}A). The stochastic theory is that each tumor subtype is initiated from a single cell type (stem cell, progenitor cell, or differentiated cell) (Figure [1](#F1){ref-type="fig"}B). Random mutations can gradually accumulate in any breast cells, leading to their transformation into tumor cells when adequate mutations have accumulated. Although both theories are supported by plenty of data, neither can fully explain the origin of human breast cancer.

Genes related to breast cancer
==============================

Lots of genes have been identified in relation to breast cancer. Mutations and abnormal amplification of both oncogenes and anti-oncogenes play key roles in the processes of tumor initiation and progression.

BRCA1/2
-------

Breast cancer associated gene 1 and 2 (*BRCA1* and *BRCA2*) are two famous anti-oncogenes for breast cancer risk. *BRCA1* and *BRCA2* are located on chromosome 17q21 and 13q12, respectively. They both encode tumor suppressor proteins. BRCA1 deficiency leads to the dysregulation of cell cycle checkpoint, abnormal centrosome duplication, genetic instability and eventually apoptosis [@B23],[@B24]. BRCA1 expression is repressed by "pocket proteins" such as p130, p107 and the retinoblastoma protein in an E2F-dependent manner. The *BRCA1* gene has been shown to form a loop between the promoter, introns, and terminator regions, which regulates the expression of this gene via interactions with its own promoter [@B25],[@B26]. BRCA2 protein regulates recombinational repair in DNA double-strand breaks by interacting with RAD51 and DMC1 [@B27],[@B28]. BRCA2-associated breast cancers are more likely to be high-grade invasive ductal carcinomas, but with a luminal phenotype [@B29]. The risk of breast cancer could be increased greatly if an individual inherits deleterious mutations in either *BRCA1* or *BRCA2* genes. *BRCA1/2* mutations are inherited in an autosomal dominant manner even though the second allele is normal. Totally, about 20-25% of hereditary breast cancers and 5-10% of all breast cancers are caused by *BRCA1/2* mutations [@B30],[@B31]. A meta-analysis by Chen showed that the breast cancer risk ratio in women older than 70 years carrying *BRCA1* or *BRCA2* mutations was 57% and 49%, respectively [@B32].

HER2
----

Human epidermal growth factor receptor 2, also known as *c-erbB-2*, is an important oncogene in breast cancer and located on the long arm of human chromosome 17 (17q12). The homologene in mice is *Neu*, which was first identified in 3-methylcholanthrene induced rat neuroblastoma cells [@B33]. The expression of *HER2* gene is activated mainly through the gene amplification and re-arrangement. HER2 protein is an epidermal growth factor receptor (EGFR) of tyrosine kinase family and form heterodimers with other ligand-bound EGFR family members such as Her3 and Her4, thus to activate downstream signaling pathways [@B34]. Knockout of *HER2* in mouse models disrupts normal mammary duct formation. Overexpression of HER2, which is detected in about 20% of primary breast cancers, increases the number of cancer stem cells by PTEN/Akt/mTORC1 signaling, and indicates poor clinical outcomes [@B35],[@B36].

Epidermal Growth Factor Receptor (EGFR)
---------------------------------------

*EGFR*, also known as *c-erbB-1* or *Her1* in humans, is located on the short arm of chromosome 7 (7p12). The EGFR protein is a cell surface glycoprotein of tyrosine kinase family and is activated by binding to EGF, TGF-α, amphiregulin, betacellulin and so on. The downstream signaling pathways of EGFR including PI3K, Ras-Raf-MAPK and JNK are triggered to promote cell proliferation, cell invasion, angiogenesis and to protect cells against apoptosis [@B37], [@B38]. Overexpression of EGFR is found in more than 30% of cases of the inflammatory breast cancer (IBC), a very aggressive subtype of breast cancer. Patients with *EGFR*-positive IBC have a poorer prognosis than those with *EGFR*-negative tumors [@B39],[@B40]. More than half of triple-negative breast cancer (TNBC) cases, characterized by the absence of estrogen receptor (ER), progesterone receptor (PR) expression and HER2 amplification, also have EGFR overexpression [@B41]. Therefore, targeting the EGFR pathway might be a promising therapy for these malignant tumors.

c-Myc
-----

This gene is located on the long arm of chromosome 8 (8q24) and encodes for the Myc protein, a transcription factor containing the bHLH/LZ (basic Helix-Loop-Helix Leucine Zipper) domain. Genome-wide screening shows that 15% of all genes are regulated by the Myc protein mainly through binding on the E-box consensus (CACGTG) and recruiting histone acetyltransferases (HATs) or DNA methyltransferases [@B42],[@B43]. Some of the Myc-regulated genes such as *MTA1*, *hTERT* and *PEG10* play vital roles in breast cancer initiation and progression. The overexpression of c-Myc is predominantly observed in the high-grade, invasive stage of breast carcinomas, while no c-Myc amplification is detected in the benign tissues [@B44], [@B45].

Other related genes
===================

Ras
---

There\'re three members in the Ras gene family: *H-ras, K-ras* and *N-ras*, located on the chromosome of 11 (11p15), 12 (12p12) and 1 (1p22) respectively. The proteins encoded by these genes are extremely homologous, and they belong to the small guanosine triphosphate (GTP)-binding protein (G protein) superfamily [@B46]. Point mutations are commonly associated with the overexpression of these three human *Ras* genes, and most are missense mutations located at the coding domain for GTP binding. Though mutations of Ras proteins are infrequently in breast cancer (\<5%), the abnormality of Ras signal transduction pathway are observed in both benign and malignant mammary tissues [@B47]. H-ras can cooperate with B lymphoma moloney murine leukaemia virus insertion region-1 (BMI1) to promote proliferation, invasion, and to inhibit apoptosis in breast cancer cells [@B48]. H-ras overexpression is detected in both primary and advanced breast cancer patients, indicating a poor prognosis [@B49], [@B50].

Risk factors
============

A schematic diagram of risk factors is depicted in a pyramid-style structure (Figure [2](#F2){ref-type="fig"}).

Aging
-----

Besides sex, aging is one of the most important risk factors of breast cancer, because the incidence of breast cancer is highly related to the increasing age. In 2016, approximately 99.3% and 71.2% of all breast cancer-associated deaths in America were reported in women over the age of 40 and 60, respectively [@B3]. Therefore, it is necessary to have a mammography screening ahead of time in women aged 40 or older.

Family history
--------------

Nearly a quarter of all breast cancer cases are related to family history [@B65]. Women, whose mother or sister has a breast cancer, are prone to this disease. A cohort study of over 113,000 women in UK demonstrated that women with one first-degree relative with breast cancer have a 1.75-fold higher risk of developing this disease than women without any affected relatives. Moreover, the risk becomes 2.5-fold or higher in women with two or more first-degree relatives with breast cancer [@B65]. The inherited susceptibility to breast cancer is partially attributed to the mutations of breast cancer related genes such as *BRCA1* and *BRCA2*.

Reproductive factors
--------------------

Reproductive factors such as early menarche, late menopause, late age at first pregnancy and low parity can increase the breast cancer risk. Each 1-year delay in menopause increases the risk of breast cancer by 3%. Each 1-year delay in menarche or each additional birth decreases the risk of breast cancer by 5% or 10%, respectively [@B66]-[@B68]. A recent Norwegian cohort study showed that a hazard ratio (HR) is 1.54 between late (≥35 years) and early (\<20 years) age at first birth [@B69]. Reproductive factors are strongly associated with the ER status, with differences in the odds ratios (OR) between ER^+^ and ER^-^ breast cancer for parity (OR: 0.7 vs. 0.9 for ≥3 births vs. nulliparae) and age at the first birth (OR: 1.6 vs. 1.2 for age ≥30 vs. \<25 years) [@B70].

Estrogen
--------

Both endogenous and exogenous estrogens are associated with the risk of breast cancer. The endogenous estrogen is usually produced by the ovary in premenopausal women and ovariectomy can reduce the risk of breast cancer [@B71]. The main sources of exogenous estrogen are the oral contraceptives and the hormone replacement therapy (HRT). The oral contraceptives have been widely used since 1960s and the formulations have been upgraded to reduce side-effects. However, the OR is still higher than 1.5 for African American women and Iranian populations [@B72],[@B73]. Nevertheless, oral contraceptives do not increase the risk of breast cancer in women who stop to use them for more than 10 years [@B66]. HRT involves the administration of exogenous estrogen or other hormones for the menopausal or postmenopausal women. A number of studies have shown that the use of HRT can increase the breast cancer risk. The Million Women Study in UK reported a relative risk (RR) of 1.66 between current users of HRT and those who never used it [@B74]. A cohort study of 22,929 women in Asia demonstrated HRs of 1.48 and 1.95 after HRT use for 4 and 8 years, respectively [@B75]. However, the risk of breast cancer has been shown to significantly decrease after two years of stopping HRT [@B76]. The recurrence rate is also high among breast cancer survivors who take HRT, and the HR for a new breast tumor is 3.6 [@B77]. Since the adverse effects of HRT were published in 2003 based on the Women\'s Health Initiative randomized controlled trial, the incidence rate of breast cancer in America has decreased by approximately 7% due to the reduction in the use of HRT [@B78].

Lifestyle
---------

Modern lifestyles such as excessive alcohol consumption and too much dietary fat intake can increase the risk of breast cancer. Alcohol consumption can elevate the level of estrogen-related hormones in the blood and trigger the estrogen receptor pathways. A meta-analysis based on 53 epidemiological studies indicated that an intake of 35-44 grams of alcohol per day can increase the risk of breast cancer by 32%, with a 7.1% increase in the RR for each additional 10 grams of alcohol per day [@B79],[@B80]. Modern western diet contains too much fat and excess intake of fat, especially the saturated fat, is associated with mortality (RR=1.3) and poor prognosis in breast cancer patients [@B81]. Although the relationship between smoking and breast cancer risk remains controversial, mutagens from cigarette smoke have been detected in the breast fluid from non-lactating women. The risk of breast cancer is also elevated in women who both smoke and drink (RR=1.54) [@B82]. Up to now, accumulating evidences demonstrate that smoking, especially at an early age, has a higher risk on breast cancer occurrence [@B83]-[@B86].

Preventions
===========

Thus far, great advances have been made in clinical and theoretical studies of breast cancer (Figure [2](#F2){ref-type="fig"}). The current prevention methods including screening, chemoprevention and biological prevention are more direct and effective than those in the past (Figure [2](#F2){ref-type="fig"}). The mortality of breast cancer has decreased. However, breast cancer is still the first leading cause of cancer death among females aged 20-59 years.

Screening
---------

Not primary tumors but the tumor metastasis causes over 90% of cancer deaths [@B87]. However, if breast cancer is diagnosed as a primary tumor or at an early stage of metastasis, the breast tumor could be removed by surgery and the chemotherapy could work effectively. Early detection is the cornerstone of breast cancer prevention. Mammography is an effective screening method to use low energy X-rays to obtain high-resolution images of the breast. The entire testing process only lasts for 20 minutes and it does not require any contrast-enhancing agent. Since the first recommendation for breast cancer screening by Professor Forrest, over 70% of women (aged 50-74 years) in America have been undergone breast cancer screening via mammography every 2 years [@B88]. A meta-analysis of 11 randomized trials showed that women aged 50-70 years had a significant reduction in breast cancer mortality after screening with mammography (RR=0.81) [@B89]. However, the reduction in mortality rate was not significant in women aged 40-49 years [@B90]. These results indicate the importance of mammography screening programs. Although the reported percentage of overdiagnosis due to mammography varies across trials, overdiagnosis is undoubtedly a serious problem that cannot be ignored during breast cancer screening.

MRI is another widely used screening tool for breast cancer. It is more sensitive than mammography in high-risk women, especially in detecting the invasive ductal carcinoma [@B91]. Compared to mammography, MRI is not affected by the breast density and has advantages in detecting occult primary breast cancer, axillary nodal metastasis, residual tumors after neoadjuvant chemotherapy or other small tumors [@B92]. Advanced MRI scanners can measure tissues as small as 0.5 mm^3^. However, there\'s no identified benefit of MRI in patient outcomes such as in the rate of detection of ipsilateral breast tumor recurrence and contralateral breast cancer incidence. The specificity of MRI is much poorer than that of mammography, with detection rates ranging from 37% to 100% [@B93]. Women with a family history of breast cancer have an approximately 20-25% or higher lifetime risk of breast cancer as demonstrated by MRI screening [@B94]. Each coin has two sides, and we should balance both the goodness and weakness. Considering its sensitivity, MRI may be a useful choice in high risk groups when the mammography results are normal.

Chemoprevention
---------------

The classical definition of chemotherapy by Sporn is "the use of pharmacologic or natural agents that inhibit the development of invasive breast cancer either by blocking the DNA damage that initiates carcinogenesis, or by arresting or reversing the progression of premalignant cells in which such damage has already occurred." [@B95]. Estrogen receptor is a major target for chemotherapy because more than 70% of breast cancers are ER-positive breast cancers. Selective estrogen receptor modulators (SERMs) and the aromatase inhibitors (AIs) are two major classes of anti-estrogen drugs. SERMs are compounds that act as either agonists or antagonists of estrogen receptors. One of the most famous SERMs is tamoxifen (TAM), which has been used to treat breast cancer for more than 30 years [@B96]. Regardless of the number, the scale, the related areas or the time lasting in the follow-up visit of TAM\'s research, this drug has no doubt the most abundant clinical data in SERMs. Meanwhile, TAM is used to treat all stages of breast cancer [@B97]. Many large-scale trials including the Breast Cancer Prevention Trial (NSABP-1), the Royal Marsden Prevention Trial, the Italian Prevention Trial and the International Breast Cancer Intervention Study (IBIS-I Trial) have shown that TAM could reduce the risk of both invasive and non-invasive breast cancer. Despite the differences in data collection and study design, all these trials have demonstrated greater than 30% reduction in ER-positive breast cancer after 5 years treatment with TAM. However, no significant reduction has been observed in ER-negative tumors [@B98],[@B99]. Nevertheless, there\'re some side-effects of TAM therapy. The risk of endometrial cancer, stroke, pulmonary embolism, and deep-vein thrombosis is increased in TAM-treated patients, and the risk is especially high among women older than 50 [@B100]. Therefore, TAM should be used individually by balancing between its toxicity and benefits.

Raloxifene, a second generation of SERMs with fewer side-effects than TAM, has been approved for the treatment of invasive breast cancer in postmenopausal women as well as osteoporosis and heart disease [@B101]. However, raloxifene shows no effect on ductal carcinoma *in situ* (DCIS) and lobular carcinoma *in situ* (LCIS). The Study of Tamoxifen and Raloxifene (STAR) trials showed that raloxifene was less effective than TAM [@B99]. Considering its less risk in endometrial cancers and thromboembolic complications, raloxifene is still a good therapeutic option for the invasive breast cancer. Several third generations of SERMs such as ospemifen, arzoxifene, lasofoxifene (LFX) and bazedoxifene (BZA) have also been discovered, but only BZA has reached the stage of clinical use. BZA has demonstrated potent effects in pre-clinical studies, but its efficacy was limited in pivotal clinical trials [@B102].

Recently, AIs are being used instead of TAM as the first line therapy in postmenopausal breast cancer patients. AIs reduce the plasma levels of estrogens by inhibiting aromatase, an enzyme that catalyzes the biosynthesis of estrogen from androgen [@B103]. There\'re two classes of AIs: steroidal inhibitors and non-steroidal inhibitors. Compared with exemestane, a steroidal inhibitor, non-steroidal inhibitors such as anastrozole and letrozole can bind to the enzyme\'s active site reversibly. However, these three third-generation AIs (exemestane, anastrozole and letrozole) have no significant differences in terms of efficacy in preventing breast cancer. Many trials such as the Italian Tamoxifen Anastrozole (ITA) trial, Intergroup Exemestane Study (IES), Austrian Breast and Colorectal Cancer Study Group (ABCSG-8), and the Breast International Group (BIG) 1-98 study have showed that in the adjuvant setting, AIs are more potent than TAM in reducing the incidence of breast cancer both as upfront monotherapy and after 2-3 years treatment with tamoxifen [@B104]-[@B110]. A 10-year ATAC trial study indicated fewer serious side-effects for anastrozole than for tamoxifen in postmenopausal women with early ER^+^ breast cancer [@B111]. However, there\'re some limitations of AIs. Because AIs inhibit the biosynthesis of estrogen, they are typically used only in postmenopausal women. The main side-effect of AIs is that they can increase the risk of osteoporosis, which is a significant health threat for older women. Other side-effects, such as joint pain and stiffness, incidence of carpal tunnel syndrome or dysregulated lipid metabolism, have also been reported for AIs, but these side-effects have a lower impact on the quality of life of patients than endometrial cancer and thromboembolic complications associated with TAM treatment. Acquired resistance to AIs has been observed after prolonged treatment, which also occurs in the case of SERMs. Crosstalks between estrogen receptor pathway and several signaling pathways such as PI3K/Akt/mTOR and Ras/Raf/MEK/MAPK could lead cancer cells to be resistant to AIs [@B112]. The combination of AIs and inhibitors of the related signaling pathways may be a promising strategy for AI-resistant patients.

Biological prevention
---------------------

Recently, biological prevention, mainly known as the monoclonal antibodies for the breast cancer, has been developed to improve the quality of life in breast cancer patients. One of the major targets of these monoclonal antibodies is HER2. About 20-30% of all breast cancer cases exhibit HER2 protein overexpression or *HER2* gene amplification [@B36]. Trastuzumab (Herceptin), a recombinant humanized monoclonal antibody, is the first HER2-targeted drug to be approved by the FDA. It can directly interact with the C-terminal portion of domain IV in the extracellular part of HER2 [@B113],[@B114]. Up to now, the anti-tumor mechanism of trastuzumab has not been clearly elucidated. Some potential mechanisms may be that trastuzumab can suppress the growth and proliferation of cancer cells by recruiting ubiquitin to internalize and degrade HER2, by activating the immune system against cancer cells via a mechanism called antibody-dependent cell-mediated cytotoxicity (ADCC) or by inhibiting the MAPK and PI3K/Akt pathways [@B115]-[@B117]. Trastuzumab was initially used for treating metastatic breast cancer (MBC) and found to be efficacious as a single agent with an objective response rate (ORR) of 26%. *In vitro* experiments have shown that trastuzumab has a synergistic effect with other anti-tumor drugs such as nimotuzumab, carboplatin, 4-hydroxycyclophosphamide, docetaxel and vinorelbine [@B118],[@B119]. The HERA and TRAIN trials demonstrated that chemotherapy combined with adjuvant trastuzumab for 1 year could improve the disease-free survival in patients with HER2^+^ breast cancer (HR=0.76) [@B120],[@B121]. A randomized phase II trial executed by Marty also showed that trastuzumab plus docetaxel was more efficacious than docetaxel alone in treating HER2-positive MBC, with the ORR of 50% versus 32% [@B122]. However, side-effects such as congestive heart failure and left ventricular ejection fraction (LVEF) decline were found in trastuzumab-treated patients [@B123].

Similar to trastuzumab, pertuzumab (Perjeta), another humanized monoclonal antibody, can bind to the extracellular portion of HER2 like trastuzumab. However, the binding domain is different [@B124]. Pertuzumab combined with trastuzumab and docetaxel has been approved for treating HER2-positive breast cancer. The pathologic complete response (pCR) rate, as well as invasive-disease-free survival rate, significantly increased in HER^+^ tumors than those in HER^-^ tumors (57.8% versus 22.0%) [@B125],[@B126]. However, toxic side-effects like diarrhea and febrile neutropenia were common in pertuzumab-treated groups.

Recently, immunotherapy becomes a hot spot in cancer therapy, and it shows great potential in clinical use. Programmed cell death 1 (PD1) is a membrane protein expressed in various immune cells, including T cells, which can be engaged by its specific ligand to block the immune system. PD1 inhibitor drugs Nivolumab (Opdivo) and Pembrolizumab (Keytruda) were approved for the treatment of several solid tumors such as metastatic melanoma and non-small cell lung cancer. In the KEYNOTE-012 study, pembrolizumab was found to be effective in 27 TNBC patients with a clinical benefit rate of 20% [@B127]. Programmed cell death receptor ligand 1 (PDL1), a ligand of PD1, is detected in 20% of TNBC and in 50% of all breast cancers [@B128]. PDL1 inhibitor drug Atezolizumab (Tecentriq) exhibits a 19% of objective response rate in a phase Ⅰ study including 54 TNBC patients [@B129]. Though TNBC patients typically have poor clinical outcomes, anti-PD1/PDL1 drugs might be promising strategies for treating this subtype of breast cancer.

Conclusion and further directions
=================================

Breast cancer is the most frequently diagnosed cancer in women across 140 countries [@B1]. Approximately 1 in 8 women worldwide have a lifetime risk of developing breast cancer [@B130]. Breast cancer develops through a multistep process, and the pathogenesis of this disease has not yet been elucidated. In the last decade, the tumor microenvironment and breast CSCs have been identified as contributors to breast tumorigenesis. Breast cancer is also influenced by genetic and environmental factors. Targeted prevention strategies against these risk factors should be taken ahead of time.

Although the incidence rate of breast cancer is high in developed countries, the fact which we can\'t ignore is that almost half of the breast cancer cases and over half of deaths occur in developing countries. The 5-year relative survival rates of breast cancer varied widely in developed and developing countries. The rate is over 80% in North American and Japan, but below 40% in Africa countries like Algeria. Breast cancer is a preventable disease, and there are adequate medical resources available in developed countries, which can protect against this disease, such as annual mammography screening or the daily use of chemopreventative drugs. These may be attributable for the higher survival rate of breast cancer patients in developed countries than that in middle-income or low-income countries. Considering the financial burden of developing countries, the clinical breast examination is an effective way to diagnose breast cancer in the early stage. Moreover, if women are educated about breast cancer, breast self-examination may be a simple, economical and motivated method to prevent this disease. People know their own bodies more clearly than any doctors. However, most of the women in developing countries don\'t realize the importance of breast cancer prevention. Therefore, in these countries, more attention should be focused on breast health promotion ahead of clinical treatment.

Nowadays, with the reduction in the cost of DNA sequencing, individual genome sequencing may be affordable by middle-class populations, and this could be a new method in preventing breast cancer. If a woman have a family history of breast cancer, it is wise to do a screen especially on hereditary cancer susceptibility genes such as *BRCA1* or *BRCA2*. The risk of breast cancer could then be evaluated based on the screening results and prevention advice could be offered personally. Individual genome sequencing may be a mainstream in the future for prevention of breast cancer as well as other hereditary disease. Additionally, risk factors should be taken more seriously either in normal or high-risk women. Environmental factors such as the exogenous estrogen intake, alcohol abuse and excess dietary fat consumption could be avoided to minimize breast cancer risk. Though some risk facts such as aging and reproductive factors are inevitable, measures should be taken ahead of time to reduce the risk. In the modern world, many people spend countless hours sitting at tables. People are more engaged in mental work rather than in physical work. However, physically active women have a 25% lower risk of breast cancer on average than women who are less active [@B131]. Regular physical exercise may be a convenient and inexpensive way to prevent breast cancer in women from both developed and developing countries.

Although traditional film mammography has limitations in detecting dense breasts, digital mammography can overcome this deficiency. It can capture images directly through an X-ray-sensitive detector and the digital data are analyzed in the computer. The Digital Mammographic Imaging Screening Trial (DMIST) showed that digital mammography had a better diagnostic performance than film mammography in pre- and perimenopausal women with dense breasts who were younger than 50 years of age. With advancements in digital technology, high-resolution digital mammography may replace film mammography in the future [@B132]. What\'s more, both mammography and MRI screening for a large population of women are expensive and only countries with good health insurance systems can offer these services. Direct breast ultrasonography, an adjuvant technique method to mammography and MRI, is less expensive and could be used widely in low- and middle-income countries. The ultrasonography is much more accurate if the operator is skilled and experienced.

Although great progress has been made in breast cancer prevention in the last decade, there is still a lack of effective therapies against TNBC. TNBC tends to have a higher relapse risk and is more aggressive than other subtypes, resulting in a poor 5-year survival rate [@B133]. Due to the absence of ER/PR expression and HER2 amplification, drugs targeted against these three receptors are useless in TNBC. In the last decade, several potential biomarkers in TNBC such as EGFR, androgen receptor (AR), PARP and mTOR, and microRNA-based biomarkers, such as miR-374b-5p and miR-629-3p have been identified and explored for targeted therapies [@B134]-[@B136]. The EGFR-inhibitor cetuximab combined with cisplatin increased the progression-free survival from 1.5 to 3.7 months, and the overall survival from 9.4 to 12.9 months in a phase Ⅱ clinical trial [@B137]. Expressions of AR is observed in 30% of TNBC patients, and the AR inhibitor bicalutaminde showed a clinical benefit rate of 19% in ER/PR negative breast cancer patients in a phase Ⅱ study [@B138],[@B139]. PARP-inhibitor iniparib plus chemotherapy were also tested and showed promising results in phase Ⅰ and Ⅱ clinical trials. However, the phase III clinical trial failed with the lack of improvement in progression-free survival and overall survival [@B140]. Targeting the PI3K/AKT/mTOR pathway was thought to be an effective strategy to treat TNBC recently, and the mTOR inhibitor everolimus combined with doxorubicin and bevacizumab increased the objective response rate but not the clinical benefit rate [@B141]. Although many biomarker-based trials have been performed in TNBC, none has been successful finally. One of the main reasons for this failure could be the heterogeneity of TNBC. More work is needed to elucidate tumor heterogeneity, and the discovery of a robust biomarker regardless of tumor heterogeneity may be a breakthrough in TNBC treatment. Immunotherapy agents such as anti-PD1/PDL1 drugs will also shed light on treating TNBC.

In summary, breast cancer is preventable. Reducing risk factors and taking chemoprevention are two main measures to prevent breast cancer. However, there\'s a long way to go in creating public breast cancer awareness. Only 4.1% of high-risk women are willing to take chemoprevention drugs [@B142]. The fear of adverse effects and lack of understanding of breast cancer might be attributable for this unwillingness. Although, the Gail model or the IBIS model is widely used for determining the risk of breast cancer based on a woman\'s age, family history, race and reproductive factors, we still lack a reliable strategy to exactly evaluate the risk ratio of breast cancer. With improvements in sequencing technology, individual genome sequencing may be a powerful method to evaluate the risk of breast cancer. Better medicines with less adverse effects and a favorable risk-benefit ratio need to be developed in the future.
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![Two hypothetical theories of breast cancer initiation and progression. (A) All subtypes of tumor are derived from the same stem cells or progenitor cells. Different tumor phenotypes are then determined by subtype-specific transforming events. (B) Each tumor subtype is initiated from a single cell type (stem cell, progenitor cell, or differentiated cell). Random mutations can gradually accumulate in any breast cells, leading to their transformation into tumor cells when an adequate number of mutations have accumulated.](ijbsv13p1387g001){#F1}

![Schematic diagram of risk factors and preventions of breast cancer. Age, family history, reproductive factors, estrogen and life style are five important risk factors of breast cancer, represented in the pyramid chart. Screening (mammography and MRI), chemoprevention (with SERMs and AIs) and biological prevention (using Herceptin and pertuzumab) are currently being used to prevent breast cancer. PD1/PDL1 inhibitors are immunotherapy drugs and might be promising strategies in treating TNBC.](ijbsv13p1387g002){#F2}
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Additional genes associated with breast cancer

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Gene           Location    Function                         Abnormality in Breast cancer                                                                                                           Ref.
  -------------- ----------- -------------------------------- -------------------------------------------------------------------------------------------------------------------------------------- ---------------
  P53            17p13.1     tumor suppressor gene            Mutations in 30% of breast cancers                                                                                                     [@B51],[@B52]

  NME1           17q21.3     metastasis-suppressor gene       SNP of *NME1* gene associated with higher breast cancer-specific mortality (HR=1.4) and patients with an early-stage cancer (HR=1.7)   [@B53],[@B54]

  RB1            13q14.2     tumor suppressor gene            Rb1 inactivation in 20-35% of breast cancers                                                                                           [@B55],[@B56]

  PTEN           10q23.3     tumor suppressor gene            Loss of PTEN protein expression in up to 33% of breast cancers                                                                         [@B57],[@B58]

  ATM            11q22-q23   tumor suppressor gene            Mutation of ATM increases the risk of 2- to 3-fold in general, and 5- to 9-fold in women under age 50                                  [@B59]

  CDH1\          16q22.1     tumor suppressor gene            Inactivation of CDH1 in 85% of lobular breast carcinomas                                                                               [@B60]
  (E-cadherin)                                                                                                                                                                                       

  FHIT           3p14.2      putative tumor suppressor gene   The rate of FHIT hypermethylation in breast cancer was 8.4-fold higher than that in normal breast tissues                              [@B61]

  Maspin         18q21.33    tumor suppressor gene            Expression of Maspin in 20-80% invasive breast cancer                                                                                  [@B62],[@B63]

  PIK3CA         3q26.3      oncogene                         Mutations in 37% of the HR^+^/HER2^-^ metastatic and 40% of early breast cancer                                                        [@B56]

  CCND1\         11q13       oncogene                         Overexpression in 50% of breast tumors                                                                                                 [@B64]
  (Cyclin D1)                                                                                                                                                                                        
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Notes: SNP-Single Nucleotide Polymorphisms; HR-Hazard ratio

[^1]: Competing Interests: The authors have declared that no competing interest exists.
